The present work includes male meiotic studies on 16 populations of Rumex dentatus from different localities of Kashmir Himalaya in diverse altitudinal ranges. The species has been cytologically worked out for the first time from the area. The meiotic chromosome count of n= 21 is the first varied chromosome report while as n=60 adds a new cytotype for the species. The basic chromosome numbers for the genus Rumex are reported as 7, 8, 9, and 10. Conforming to x=10, the present investigated taxa are tetraploid and dodecaploid, respectively. The plants belonging to tetraploid cytotypes of R. dentatus were normal in their meiotic course. The accessions of the dodecaploid cytotype showed the phenomenon of cytomixis involving transfer of chromatin material among proximate pollen mother cells (PMCs) and associated meiotic abnormalities like chromatin stickiness, laggards, bridges and multipolarity.
Rumex dentatus L., is commonly known as Toothed dock. The plant is an annual herb with stems erect about 30-70 cm tall branched from base. Leaves are oblong obtuse often contracted. Wings are irregularly toothed, teeth short stout straight (teeth are not hooked). In Kashmir, it flowers from May to June and the fruiting period is from June to September. It often grows wild in moist as well as dry places, on the banks of ditches and dirty lanes or even wastelands and open slopes throughout Himalaya. The species is extremely variable and is medicinally important as the leaves and shoots of R. dentatus are diuretic, refrigerant and used as cooling agent (Islam et al. 2006) . The root of R. dentatus is used as an astringent and in cutaneous disorders (Chopra 1969) . In literature, it is well known that there exists a lot of variation in the quantity and quality of active principles in different morphotypes/cytotypes of the same species (Bahuguna et al. 2000 , Berkov 2001 , thus the present study was carried out in the same direction to look for cytomorphological diversity in the different populations of R. dentatus from different areas of Kashmir Himalaya to ultimately mark out the better performing variants for further exploitation.
Materials and methods

Study area and plant materials
The study area included the Kashmir Himalayan region, which is nestled within Northern Western folds of the recently designated Global Biodiversity Hot spot of the Himalaya (Mittermeir et al. 2005) . Owing to the wide altitudinal gradient and varied climatic and physiographic features, the region harbors wide array of habitats including fresh water lakes, wet lands, springs, ponds, swamps, marshes, glaciers etc. which support equally diverse vegetation types including cultivated pastures and crop fields, plantation stands, orchards, deciduous scrubs, evergreen coniferous forests, subalpine and alpine meadows.
The plant material of R. dentatus was collected from the wild populations from Kashmir Himalaya Jammu and Kashmir, India (Fig. 1 ) during May to July over a period of four years (2008) (2009) (2010) (2011) jabi University, Patiala, India (Table 1) .
Meiotic analysis
For meiotic analysis the young floral buds at an ideal stage were fixed in freshly prepared Carnoy's fixative (6 alcohol : 3 chloroform : 1 acetic acid, v/v/v) for 24 h and then preserved in 70% alcohol at 4 C in a refrigerator. The cytological preparations were made using the squash technique in 2% acetocarmine. A total of 95 PMCs (pollen mother cells) from temporary slides were examined to determine the exact chromosome number at different stages of meiosis. The best plates of chromosome counts, meiotic abnormalities, sporads and pollen grains (sterile, fertile) were photographed from the temporary mounts with Nikon Eclipse 80i microscope. For previous chromosome reports, in addition to the IPCN database (www. tropicos.org) various indices to plant chromosome numbers were consulted (Darlington and Wylie 1995) , Moore (1977) , Goldblatt and Johnson (1990-2003) , Kumar and Subramanian (1987) and Khatoon and Ali (1993) .
Measurement of pollen and stomatal size
Pollen grain size was measured from a representative sample of specimens of all the cytotypes (15 plants per ploidy level). The measurements were done to check whether the size of the pollen grain co-relates with the ploidy level and can be used as an indicator of ploidy status. Pollen grains released from anthers were stained in a drop of acetocarmine jelly (Marks 1954 ) and measured using an optical microscope. Thirty pollen grains per plant were measured for dimensions. For stomatal studies, mature leaves were treated with 10% aqueous solution of potassium hydroxide at room temperature for 10-15 min and then epidermal peels were observed. Stomatal size was measured using occulo-micrometer. 
Results
Presently detailed observations have been recorded on meiosis of PMC, microsporogenesis, and pollen fertility and pollen grain size covering 16 accessions of R. dentatus collected from different areas Kashmir Valley in the Jammu and Kashmir state ( Table 1) . The detailed meiotic analysis carried out on various populations of R. dentatus revealed three chromosome number races.
The tetraploids, n=20, ( (Fig. 2b) and equal distribution of chromosomes at anaphase-I. Majority of the populations studied depicted normal meiotic course having nearly cent percent pollen fertility. However, inspite of normal bivalent formation in the plants of Dachigam area, some PMCs depicted the phenomenon of chromosome stickiness.
The tetraploid, n=21, (Fig. 2c) : The plants of another population also collected from the forest area of Devpora (2300 m) depicted chromosome number n=21 anaphase-I (Fig. 2d ) and other stages of meiosis. The plants of this population showed normal meiosis.
The do-decaploid, n= 60 ( Fig. 2e) : The plants of this population collected and screened from Devpora (2000 m) revealed chromosome count of n= 60 with sixty bivalents at diakinesis (Fig. 2f) . At this stage, the pollen mother cells had a large deeply stained nucleolus with which it was noticed to have two to five chromosomes attached to it. The plants of do-decaploid population deviated from its normal meiotic course and showed the phenomenon of cytomixis in 6.52% of the observed PMCs (Fig. 2g, h ). The other meiotic abnormalities associated with this phenomenon include chromosomal stickiness and laggards (Fig. 2i, j) . Multipolarity has also been noticed in 3.26% of PMCs (Fig. 2k) . The microsporogenesis is greatly affected resulting in the formation of monads, diads, triads and tetrads with or without micronuclei ( Fig. 2l-o) . Further, the pollen fertility is seen to be reduced (74.54%) with the formation of heterogeneous sized pollen grains (Fig. 2p) . The detailed results of these meiotic anomalies are presented in the Table 2 . The different morphological characters studied presently in tetraploid and do-decaploid cytotypes include, plant height, number of branches/plant, number of leaves/plant, ochrea length, petiole length, leaf shape and size as well as inflorescence characters (Table 3) . The tetraploid plants studied were taller as compared to the plants of do-decaploid plants. At the cytotype level, the plants of do-decaploid cytotype produced more branches/plant compared to tetraploid cytotype. The leaves of the do-decaploid plants were recorded to be larger in size in comparison to the tetraploid individuals. Ochrea and inflorescence length was variable between the two cytotypes. The average stomatal size was more in dodecaploid type (Table 3) . Pollen grains in the tetraploid type were smaller (22.64 21.32 µm) as compared to other cytotypes with the largest pollen grains seen in dodecaploid type measuring 27.06 26.55 µm (Table 3) .
Discussion
Polyploidy is the most common chromosomal phenomenon involved in the evolution of plants. Polyploidization has been recognized as a ubiquitous and dynamic evolutionary driver (Soltis et al. 2009 ) which can significantly increase intraspecific and/or intra-population variation in many plant species and eventually leads to speciation (Husband et al. 2013) . Detailed cytological analysis of various populations of R. dentatus revealed the existence of three different chromosomal races with meiotic chromosome numbers n=20, 21 and 60 from the Kashmir region. Two of these chromosome counts (n= 21, 60) are the first ever records for R. dentatus. The present chromosome count of n=20 (2n=4x= 40) confirms the previous record (Degraeve 1975) . The basic chromosome numbers for the genus Rumex are reported as 7, 8, 9, and 10 (Darlington and Wylie 1995). Conforming to x=10, the present investigated taxa are tetraploid and do-decaploid, respectively. Different ploidy levels and wide range of ecological plasticity explains the wide distribution of this group in North Western Himalaya. Present findings of a new do-decaploid cytotype indicate the existence of intraspecific polyploidy in the species and is indicative of the fact that its genome is still in flux and constant evolution, possibly to enhance the adaptive and survival value of the species under varied ecological niches of Himalayan region (Lattoo et al. 2006) .
The occurrence of meiotic abnormalities like cytomixis, unoriented bivalents, chromatin stickiness, chromatin bridges and laggards, or multipolarity (Table 3) in the investigated cytotypes indicates the existence of intraspecific genetic diversity. Such genetic differences have earlier been reported in different plant species by Baptista-Giacomelli et al. (2000) . According to Fadaei et al. (2010) , Saggoo and Farooq (2011) , Kumar et al. (2012) and Jeelani et al. (2012 Jeelani et al. ( , 2014 Jeelani et al. ( , 2015 , and cytomixis results in the production of unreduced gametes in several angiosperms or leads to the production of aneuploid plants. The formation of unreduced gametes is of evolutionary significance in a way that it can lead to the production of plants with higher ploidy level through polyploidization (Villeux 1985) . Chromatin stickiness involving few bivalents or whole complement was seen from prophase-I to metaphase-I. Cytomixis and chromatin stickiness are considered to be the result of genetic factors (Fadaei et al. 2010 ) and environmental factors (Nirmala and Rao 1996) as well as genomic-environmental interaction (Baptista-Giacomelli et al. 2000) and seems to be equally applicable to the presently investigated populations. There seems to be a positive correlation between the pollen and stomatal size with the level of ploidy. These observations were in congruence with earlier reports (Inceer and Ayaz 2010) . Polyploidization is an important process in the evolution of most of the eukaryotic species. It often causes large scale genomic reorganizations and is accompanied by a wide variety of phenotypic alterations in morphology, niche preference and fitness characteristics (Riddle et al. 2006) . The evolutionary success of polyploids has often been attributed to the consequences of having multiple genomes, with individuals of higher ploidy levels considered to be more adaptable to differing conditions due to genetic advantages that facilitate their establishment and persistence (Comai 2005) .
